Terminology in blood pH and gas analysis can be confusing, both because more than one name has been used for the same quantity, and because the same name has been used for more than one quantity. In addition, several calculated quantities are commonly used, but in some cases many different algorithms have been published for a single quantity.
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Introduction
The purpose of this document is to define the most useful quantities in blood pH and gas analysis and to give algorithms for derived quantities. Use of these algorithms, especially for calculations performed within instruments, will lead to results that are more comparable among laboratories. The names, units and symbols are intended to be consistent with current IUPAC and IFCC recommendations (1) . Many of the recommendations were adopted from the first edition of a closely related document entitled "Tentative Standard for Definitions of Quantities and Conventions Related to Blood pH and Gas Analysis" published by the National Committee for Clinical Laboratory Standards (USA). The second edition of this document has now been published (2) and efforts were made to make these IFCC and NCCLS recommendations internally consistent.
Selected values used for calculations
Some equations presented in this document require that values appropriate for human blood be selected for certain quantities. Table 1 is a list of these quantities, with units and numerical values that have been adopted. Values were chosen which reflect published experimental data and which are consistent with each other.
Definition of some measured and derived quantities
3.1 pH pH is defined (1) as the negative decadic logarithm of the relative molal activity of hydrogen ions. The reference method for blood pH (3) uses a glass electrode sensitive to hydrogen ion and a concentrated KC1 bridge solution connected to a reference electrode. O2 are prepared from a dry gas mixture of accurately known composition which is then humidified. The partial pressure of gas (G) in the standard is then given by
where X Q is the mol fraction of gas in the dry gas mixture, ρ is the ambient pressure and /?H 2 o is the vapor pressure of water at the equilibrium temperature. If it is necessary to calculate the mol fraction of O 2 and CO 2 , gas non-idealities should be taken into account. /?H 2 o at 37,0 °C is 6,275 kPa.
Substance concentrations of dissolved carbon dioxide and oxygen
Substance concentrations of dissolved carbon dioxide and oxygen are directly proportional to their respective partial pressures.
The proportionality factor α is called the concentrational solubility coefficient 7 ). Values for ao 2 in blood and a c o 2 i* 1 plasma at 37,0 °C are given in table 1. The value for CO 2 was quoted in I.e. (5) as being derived from experimental data (6, 7), as was the value for O 2 
Substance concentrations of total carbon dioxide
and of bicarbonate ion 3.4.1 Carbon dioxide participates in several chemical equilibria in plasma and exists in several forms including dissolved CO 2 , H 2 CO 3 , HCOf, COi~, protein carbamates and ion pairs such as NaHCO 3 , CaHCO^ and NaCOi" (11) . The sum of the substance concentrations of each of these species is defined as the substance concentration of total carbon dioxide, c tc o r 3.4.2 Total carbon dioxide can be measured directly using serum or plasma obtained by anaerobic separation (12, 13) . Separation at ambient temperature is acceptable 7 ) The concentrational solubility coefficient is not to be confused with the volumic (Bunsen) solubility coefficient, which is sometimes also symbolized as a, but expressed as the volume of dissolved gas divided by volume of solution and by partial pressure of gas in atmosphere.
for most purposes. Total CO 2 can also be measured in whole blood, and the corresponding concentration in plasma can be accurately calculated (14 3.6.2 Substance concentration of total oxygen is also commonly calle,d oxygen content, but the latter term is to be discouraged because it is not consistent with current recommendations of the IFCC Committee on Quantities and Units. The term "content" should be reserved for quantities divided by mass.
Oxyhaemoglobin fraction (Substance fraction of oxyhaemoglobin)
The amount of oxyhaemoglobin divided by the amount of total haemoglobin is called the substance fraction of oxyhaemoglobin 10 ). Total haemoglobin comprises functional haemoglobins, and dyshaemoglobins. Functional haemoglobins are those forms of haemoglobin capable of physiological oxygen transport, i. e. oxyhaemoglobin and deoxyhaemoglobin. Dyshaemoglobins are forms of haemoglobin not capable of physiological oxygen transport, e.g. carboxyhaemoglobin, methaemoglobin and sulfhaemoglobin. The reference method for total haemoglobin is the cyanmethaemoglobin method (18) . Oxyhaemoglobin fraction is commonly measured spectrophotometrically (19) and is symbolized F O2 Hb-3.8 Oxygen saturation 3.8.1 This quantity 11 ) is defined as the amount of oxyhaemoglobin divided by the amount of functional haemoglobin; it is symbolized So 2 . In the theoretical case where no dyshaemoglobins are present, oxygen saturation is numerically equal to oxyhaemoglobin fraction; in practice, oxygen saturation is always the larger.
3.8.2 s 0i can be measured spectrophotometrically, preferably using multiple wavelengths so that carboxyhaemoglobin and methaemoglobin are accounted for (19 (8, 20, 21) . However, direct measurement of So 2 is recommended because in the calculation foetal haemoglobin, glycated haemoglobin, dyshaemoglobin, abnormal haemoglobin and glycerate 2,3-bisphpsphate are not taken into account (22) .
3.9 3.9.1 pso is defined as the partial pressure of oxygen in a haemoglobin solution having an oxygen saturation of 50%. For oxygen saturations between 40% and 90%, the relation between p 02 and s 02 is approximated quite well by the Hill equation (8) . Therefore p 5Q can be obtained from the following: (Eq. 8) The value of n HiU may be taken as 2,7 (20, 23) . The method has been tested (24) and guidelines for the procedure have been given (22). 3.9.2 The standard /?so(p5o,std), is defined as the p 5Q which would be obtained at the selected values of pH = 7,40 (ρΗ*),/> οθ2 = 5,33 kPa (pco 2 ) and θ = 37,0 °C. Provided that actual p so , pH and p c o 2 have been measured at 37,0°C, /?5o,std can be calculated with the following equation.
-pH) 10 ) Note that fractions and saturations as defined here may be multiplied by 100 and expressed as a percentage.
11
) Saturation of a component in a system is defined as the amount of component present divided by the amount present in the fully saturated system.
(Eq. 9) ΦΗ and φ € are Bohr factors (see section 4.3 and table 1).' Experimental data (20) fitted to a mathematical model (8) gives psojad = 3,56 kPa. For freshly drawn blood of healthy people, values between 3,12 and 3,89 kPa have been found (24) . An abnormal pso.std may be caused by one or more of the factors mentioned in the last sentence of 3.8.3.
Selection of numerical values for calculations

1 Apparent equilibrium constant for the reaction of carbon dioxide to bicarbonate ion t K*
The apparent equilibrium constant for the reaction of carbon dioxide to bicarbonate ion, K* is expressed as and the more familiar pfC is expressed as p/T = -Ig K' = pH + \gpco 2 + Ig <*co 2 · H)
where c H cor follows from equation 3. The value of 6,105 given in table 1 has been determined in independent experimental studies (5). (27) . However, variations in ec r are small and generally without clinical significance (17).
Bohr factors
The proton Bohr factor, φ Η > is defined as The values given in table 1 are from 1. c. (23) . It is assumed that the other factors influencing haemoglobinoxygen affinity, mentioned in section 3.8.3, are also kept constant. 2 and p O2 are all temperature-dependent quantities, they are often adjusted to the actual body temperature of the patient. This adjusts for changes in vitro when blood is drawn from a patient at body temperature and then analyzed at 37,0 °C. Attention has been focused on the fact that measurements adjusted to some temperature other than 37,0 °C are of limited usefulness because of the unresolved question of what values are most beneficial at these other temperatures. Therefore, some prefer not to use temperature adjustments, but to measure at 37,0 °C and interpret the results with reference values for 37,0 °C. If temperature adjustments are made, both the temperature-adjusted value and the value at 37,0 °C should be reported, using unambiguous symbols.
Temperature coefficients
Because pH, p c o
5.2 Measurements sometimes need to be made at temperatures other than 37,0 °C and it may then be desired to adjust the values to 37,0 °C to facilitate interpretation. The following relationships have been determined experimentally for whole blood (8, (30) (31) (32) (33) [4,37 lg (po/19,2 kPa)]!^1 (Eq. 17)
where tanh denotes the hyperbolic tangent; ΔΓ is the difference between two temperatures and has the unit K.
The po 2 to be inserted in equation 17 is the value at 37,0 °C; thus, when po 2 has been measured at another temperature, an iterative procedure must be followed to reach the value at 37,0 °C. For a discussion of the effect of temperature on pH andp c o 2 see o. c. (17) (p. 88-89).
Each of the relations above is only an approximation and the temperature coefficients are actually complex functions of several variables including pH, protein concentration, haemoglobin concentration and other quantities.
